Necrophagous blowflies can provide an excellent source of evidence for forensic entomologists and are also relevant to problems in public health, medicine, and animal health. However, access to useful information about these blowflies is constrained by the need to correctly identify the flies, and the poor availability of reliable, accessible identification tools is a serious obstacle to the development of forensic entomology in the majority of African countries. In response to this need, a high-quality key to the adults of all species of forensically relevant blowflies of Africa has been prepared, drawing on high-quality entomological materials and modern focus-stacking photomicroscopy. This new key can be easily applied by investigators inexperienced in the taxonomy of blowflies and is made available through a highly accessible online platform. Problematic diagnostic characters used in previous keys are discussed.
Introduction
The correct identification of necrophagous blowflies is pivotal to their use as evidence in forensic entomology [1] and is also central to addressing the problems that these flies pose for public health, medicine, and animal health [2, 3] . Although superficially similar in appearance, the various species differ in their developmental biology, ecology, and behaviour and may variously be pests in meat and fish markets [4] , causes of human and animal myiasis [3] , or carriers of microbial pathogens [4, 5] . Correct identifications provide access to relevant information about these blowflies, especially the crucial studies of development [1] .
Africa is home to over a dozen species of necrophagous blowflies, several of which are found on other continents too [1, 6] . The blowflies (family Calliphoridae) in their traditional, broad taxonomic concept were postulated to be a paraphyletic taxon [7] , which was confirmed by subsequent molecular studies [8] [9] [10] [11] . All species of forensically important blowflies are grouped in four subfamilies in the sense of the classification Electronic supplementary material The online version of this article (doi:10.1007/s00414-017-1654-y) contains supplementary material, which is available to authorized users.
proposed by Rognes [7, 12] . Necrophagous blowfly faunas have been intensively studied in Australasia, Europe, East and South Asia, Middle East, and North and South America, resulting in a variety of published checklists, keys, and taxonomic monographs [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
However, the blowfly faunas of some large geographical regions, like the Afrotropics (except for Namibia and the Republic of South Africa), remain poorly studied [3, 23, 24] . Except for the genus Chrysomya, keys, if available, do not cover the fauna of the whole continent and often are poorly illustrated [23] [24] [25] . This situation hampers the broad application of insects for medico-legal purposes due to a lack of proper tools for species identification in some African countries. Additionally, there is a widespread lack of access to printed material in Africa, but the high penetration of internet-enabled mobile phone technology in Africa is making access to Health and open-access electronic media an increasingly practical alternative [26, 27] .
The aim of the present paper is to deliver a high quality, open-access key for identification of the adults of all species of forensically relevant blowflies known from Africa. The main intention was to prepare a species identification tool that will be easily applicable to investigators inexperienced in blowfly taxonomy. This task was achieved thanks to the application of modern focus-stacking photomicroscopy [28, 29] and the use of suitably preserved entomological material. The authors hope that this publication will be a further milestone toward advancing the application of forensic entomology in African countries.
Material and methods
The key contains 15 [32] , and Akbarzadeh et al. [22] . The terminology follows Rognes [12] , and all morphological details were clearly marked and abbreviated on the figures.
Distributional data were restricted to the African mainland and follow Zumpt [23] , Pont [6] , Erzinçlioğlu [33] , Verves [19, 34] , Ekanem and Dike [35] , Irish et al. [25;  text, not maps], and Taleb et al. [36] . Many locality records reported in the listed references need verification and should be treated with caution. Former records referring to Sudan were not revised into Sudan and South Sudan, because detailed verification of the collection sites was not generally possible. New distribution records for some species for specific countries resulted from the inspection of collections by the authors -Stem vein of wing with row of hairs on dorsal surface ( Fig. 1a ), greater ampulla with stiff, erect hairs ( Fig. 1d 
2.
Lower calypter dark with hairs on dorsal surface ( Fig. 1b ), thorax non-metallic, dark, and dusted (Figs. 1b, 4a-c); coxopleural streak absent ( Fig. 3i ); abdomen dark metallic blue, rarely dark green, or olive-green ( Fig. 4a-c -Lower calypter bright white or yellowish, sometimes blackened posteriorly (in L. infernalis), always without hairs on dorsal surface ( Fig. 1c ); thorax metallic green, bluish or coppery ( Fig. 5d -h); coxopleural streak present ( Fig. 3j ); abdomen bright metallic green, blue to coppery ( Fig. 5d-h -Eyes of male close but not touching and without demarcation between dorsal and ventral facets ( Fig. 1i , j); frons of female with fronto-orbital plate reddish ( Fig. 1k ); lower calypter uniformly white (Fig. 4e 
6.
Eyes of male with sharply demarcated and strikingly large upper facets (Fig. 2d ); fronto-orbital plate of female totally orange ( Fig. 2a) -Eyes of male without demarcation between dorsal and ventral facets; fronto-orbital plate in female dark at least in upper part (Fig. 2b, c -Eyes of male touching (like on Fig. 2d ); frons of female conspicuously narrowed on lower half, fronto-orbital plate entirely black (Fig. 2c) 8. Dorsal surface of thorax shining green with little, evenly distributed dusting; gena reddish-yellowish in ground colour (Fig. 2h) ; lower calypter white (Figs. 1d, 4d) ; outer vertical seta of male well-developed (Fig. 2f) -Dorsal surface of thorax with conspicuous whitish dusting, forming characteristic patterns of dusted and undusted surfaces (Fig. 2j, k) ; gena dark in ground colour (Fig. 2i) ; lower calypter darker (Figs. 4f, 5c ); outer vertical seta of male absent (Fig. 2g) 9. Presutural area of thorax with conspicuous black Lshaped marking on each side of midline, strongly whitedusted median vitta proceeding forwards from suture to front of thorax ( Fig. 2j) ; abdomen with last two segments shiny brassy/green and contrasting strongly with bluish anterior segments (Fig. 2l) -Presutural area of thorax without conspicuous paired Lshaped markings, but with vague lateral dark spots, white-dusted median vitta extending forwards hardly halfway to front of thorax ( Fig. 2k) ; abdomen with last two segments concolourous with green/bluish anterior segments (Fig. 2m) (Fig. 3a) -Anterior part of genal dilation uniformly black (Fig. 3b,  c) 
11.
Hairs on genal dilation and postgena orange (Fig.  3b) , anterior spiracle brownish-black (Fig. 3b -Hairs on genal dilation and postgena predominantly black (Fig. 3c) ; anterior spiracle dark yellow (Fig. 3c -Katatergite with long, fine, erect hairs (Fig. 3d ) ...........15.
13.
Wing deeply infuscated along anterior margin (Figs. 2e, 5e); subcostal sclerite with one or more black setulae (Fig. 3e) -Wing transparent (Fig. 5d, f) ; hairs on subcostal sclerite only pubescent (Fig. 3f) 
14.
Metasternal area (sclerite midventrally between middle and hind coxae) setose; posterior slope of humeral callus with 6-8 hairs (Fig. 3m) ; surface of notopleuron between last notopleural seta and edge of notopleuron with 8-16 hairs (Fig. 3m) ; central occipital area with 2-8 setulae below each inner vertical seta (Fig. 3g) -Metasternal area bare; posterior slope of humeral callus with 0-4 hairs (Fig. 3n) ; surface of notopleuron between last notopleural seta and edge of notopleuron with only 2-5 hairs (Fig. 3n) ; central occipital area with one setula (rarely 0 or 2) below each inner vertical seta (Fig. 3h) 15. Third antennal segment bright orange (Fig. 3l) -Third antennal segment dark (Fig. 3k) ; in male head sub-holoptic with eyes broadly separated (Fig. 3k) 
Discussion
The list of species of forensic importance was prepared for regions with well-studied faunas, usually based on information from human forensic cases or ecological succession studies of large-bodied carrion [1, 37, 38] . Szpila and Villet [39] proposed a list of ten common necrophagous blowflies which may be found on human corpses across the continent, and which they stated should be extended to include additional widespread species. The present paper expands this list by five other necrophagous species (Ch. inclinata, Ch. laxifrons, L. infernalis, H. pulchra, H. fernandica) and one obligate parasite of vertebrates (Ch. bezziana) that might affect some forensic cases. 1* Studies on regional African necrophagous faunas are scarce [1, 38] and mostly concern South Africa [ [40] [41] [42] [43] [44] [45] [46] [47] [48] , Egypt [49] [50] [51] [52] , and Nigeria [35, 53, 54] , with a few from Zimbabwe [55] , Cameroon [56] , and Algeria [36] . Of course, the African blowfly fauna still needs more faunistic studies, but the presented key should be successfully applicable in most continental African countries, especially in anthropogenic habitats. The morphology and taxonomy of adult forms of common necrophagous blowflies is relatively well known, both worldwide and for African species [1, 3, 23-25, 30, 32] . However, consolidation of these data into one key revealed a few problems in designing couplets for some closely related species. The most familiar is the identification of L. cuprina and L. sericata and their possible hybrids, which has fortunately been deeply studied [32, [57] [58] [59] , especially for African populations. As a result, a relatively broad set of morphological characters for the separation of both species was presented [32] .
Calliphora croceipalpis and C. vicina have never been put together in one key dedicated to adult forms [3, 23, 24] . The latter species is considered introduced and invasive in South Africa [1, 6, 60] and, as a relatively new element of the Afrotropical fauna, was not included in Zumpt's regional taxonomic monograph [23] , although both are discussed in his myiasis monograph [3] .
The darkened anterior wing margin in Chrysomya may also be confusing. In Ch. inclinata, Ch. laxifrons, and Ch. marginalis, the black veins and membrane of the margin of mature adults are obvious, easily observed, and quickly separate these species from other members of the genus, which lack pigment or, in some specimens of Ch. putoria ('f. taeniata Bigot' sensu Zumpt [3, 23] ), have more-or-less darkened (but not black) veins. Both immature and partially teneral adults of the three species of the black-edged group may be only darkened, and in this case, distinction is made by checking the ground colour of the face and genal dilation (bright yellowish-orange in Ch. inclinata, Ch. laxifrons, and Ch. marginalis, and dark in Ch. putoria). It is important to mention that two rare East African montane species with a darkened anterior wing margin are not included in the present key: it is likely but not yet certain that Ch. polymita (Villeneuve 1914) and Ch. vanemdeni (Zumpt 1953 ) breed in carrion [23] ; both possess a large, dark glossy spot on the genal dilation [25, 30] . They are characterised by Zumpt [23] and illustrated by Irish et al. [25] .
Published information about the distribution of individual species of necrophagous blowflies in particular African countries is often confusing. Most of these species are widespread on the continent, and the Catalogue of the Diptera of the Afrotropical Region [6] provided data that are often restricted to comments like e.g., "widespread E. Afr. to sthn Afr." (C. croceipalpis), "… widespread Afrotrop. Reg." (H. fernandica), or "… widespread mainland Afrotropical Region" (L. infernalis). On the other hand, Verves [34] published very detailed lists of African countries for distribution of five species (Ch. albiceps, Ch. chloropyga, Ch. megacephala, L. infernalis, and H. fernandica) without any mention of the source of this information (and before Rognes and Paterson clarified the independence of Ch. chloropyga and Ch. putoria [30] ). Additionally, in Irish et al. [25] , information about the distribution of Ch. albiceps, Ch. chloropyga, and Ch. marginalis is mismatched between the text and maps. Contrary to the text information, Madagascar and Egypt are omitted on the maps for Ch. albiceps and Ch. marginalis, respectively, and Egypt is additionally marked on the map for Ch. chloropyga. Fortunately, these cases are easy to clarify, and it is clear that the distribution description in the text is congruent with the existing distributional data [6, 34] . Generally, these problems indicate a strong need for studies of local fauna profiled toward species of forensic importance in most African countries.
This key will assist entomologists on the African continent to use flies in forensic cases and push forward the use of forensic entomology in Africa, as well as the fields of public health and human and veterinary medicine. Further taxonomic research should focus on the alternative morphological methods of identification of adult flies [61, 62] and identification of preimaginal instars, as it is systematically implemented on other continents [63, 64] . This will facilitate large-scale research on spatial and seasonal distribution of forensically important flies in different African countries that is crucial for future forensic work.
